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SYSTEM FOR TRANSPORTING SUBSTRATE CARRIERS 



This application claims priority from United 
States provisional application Serial No. 60/407,451, filed 
5 August 31, 2 002, the content of which is hereby incorporated 
by reference herein in its entirety. 



FIELD OF THE INVENTION 

The present invention relates generally to 
10 semiconductor device fabrication systems, and is more 

particularly concerned with transportation of substrate 
carriers within a fabrication facility for fabricating 
substrates such as semiconductor substrates, glass plates 
and the like . 

15 

CROSS REFERENCE TO RELATED APPLICATIONS 

The present application is related to the 
following commonly-assigned, co-pending U.S. Patent 
Applications, each of which is hereby incorporated by 
20 reference herein in its entirety: 



U.S. Provisional Patent Application Serial No. 60/407,339, 
filed August 31, 2 0 02 and titled "Method and Apparatus for 
Using Wafer Carrier Movement to Actuate Wafer Carrier Door 
25 Opening/Closing" (Attorney Docket No. 6976/L) ; 

U.S. Provisional Patent Application Serial No. 60/407,474, 
filed August 31, 2002 and titled "Method and Apparatus for 
Unloading Wafer Carriers from Wafer Carrier Transport 
3 0 System" (Attorney Docket No. 7024/L) ; 

U.S. Provisional Patent Application Serial No. 60/407,336, 
filed August 31, 2002 and titled "Method and Apparatus for 
Supplying Wafers to a Processing Tool" (Attorney Docket No 
35 7096/L) / 
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U.S. Provisional Patent Application Serial No. 60/407,452, 
filed August 31, 2002 and titled "End Effector Having 
Mechanism For Reorienting A Wafer Carrier Between Vertical 
5 And Horizontal Orientations" (Attorney Docket No. 7097/L) ; 

U.S. Provisional Patent Application Serial No. 60/407,337, 
filed August 31, 2002, and titled "Wafer Loading Station 
with Docking Grippers at Docking Stations" (Attorney Docket 
10 No. 7099/L) ; 

U.S. Provisional Patent Application Serial No. 60/407,340, 
filed August 31, 2002 and titled "Wafer Carrier having Door 
Latching and Wafer Clamping Mechanisms" (Attorney Docket No. 
15 7156/L) ; 

U.S. Patent Application Serial No. 60/407,463, filed August 
31, 2002 and titled "Wafer Carrier Handler That Unloads 
Wafer Carriers Directly From a Moving Conveyor" (Attorney 
20 Docket No. 7676/L) ; 

U.S. Patent Application Serial No. 60/443,004, filed January 
27, 2003 and titled "Wafer Carrier Handler That Unloads 
Wafer Carriers Directly From a Moving Conveyor" (Attorney 
25 Docket No. 7676/L2) ; 

U.S. Provisional Patent Application Serial No. 60/443,087, 
filed January 27, 2003 and titled "Methods and Apparatus for 
Transporting Wafer Carriers" (Attorney Docket No. 7163/L) ; 

30 U.S. Provisional Patent Application Serial No. 60/443,153, 
filed January 27, 2003 and titled "Overhead Transfer Flange 
and Support for Suspending Wafer Carrier" (Attorney Docket 
No. 8092/L) ; 



2 



6900/SYNX/JB 



EXPRESS MAIL LABEL NO. E V3 23321602 US 



U.S. Provisional Patent Application Serial No. 60/443,001, 
filed January 27, 2003 and titled "Systems and Methods for 
Transferring Wafer Carriers Between Processing Tools" 
(Attorney Docket No. 82 01/L) ; and 

5 

U.S. Provisional Patent Application Serial No. 60/443,115, 
filed January 27, 2003 and titled "Apparatus and Method for 
Storing and Loading Wafer Carriers" (Attorney Docket No. 
8202/L) . 

10 

BACKGROUND OF THE INVENTION 

Manufacturing of semiconductor devices typically 
involves performing a sequence of procedures with respect to 
a substrate such as a silicon substrate, a glass plate, etc. 

15 (Such substrates may also be referred to as wafers, whether 
patterned or unpatterned . ) These steps may include 
polishing, deposition, etching, photolithography, heat 
treatment, and so forth. Usually a number of different 
processing steps may be performed in a single processing 

20 system or "tool" which includes a plurality of processing 
chambers. However, it is generally the case that other 
processes are required to be performed at other processing 
locations within a fabrication facility, and it is 
accordingly necessary that substrates be transported within 

25 the fabrication facility from one processing tool to 

another. Depending upon the type of semiconductor device to 
be manufactured, there may be a relatively large number of 
processing steps required to be performed at a considerable 
number of different processing tools/locations within the 

30 fabrication facility. 

It is conventional to transport substrates from 
one processing location to another via substrate carriers 
such as sealed pods, cassettes, containers or open trays or 
cassettes and so forth. It is also conventional to employ 

35 automated substrate carrier transport devices, such as 

3 
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automatic guided vehicles, overhead transport systems, 
substrate carrier handling robots, etc., to move substrate 
carriers from tool to tool within the fabrication facility 
or to transfer substrate carriers from or to a substrate 
5 carrier transport device. 

For an individual substrate, the total device 
fabrication process, from formation of the substrate to 
cutting of individual semiconductor devices from the 
finished substrate, may require an elapsed time that is 
10 measured in weeks or months. Accordingly it would be 

desirable to reduce substrate transfer time in an effort to 
reduce non-value added time. 



SUMMARY OF THE INVENTION 
15 The present invention provides for unloading 

substrate carriers (or the substrates carried thereby) from, 
and loading substrate carriers (or the substrates carried 
thereby) on, a substrate carrier transport system while the 
substrate carriers are moving along the transport system. 

2 0 Consequently, the transport system may run continuously, 

permitting a substrate fabrication facility to operate with 
improved efficiency . 

According to a first aspect of the invention, a 
substrate carrier transport system is provided. The 
25 transport system according to this aspect of the invention 
may include a conveyor adapted to transport a substrate 
carrier, and a load/unload mechanism adapted to load and/or 
unload the substrate carrier from the conveyor while the 
conveyor is moving the substrate carrier. 

3 0 In at least one embodiment, the unload mechanism 

may be adapted to substantially match a velocity at which 
the substrate carrier is transported by the conveyor. As 
used herein, "substantially matches" means sufficiently 
matches so that a substrate carrier may be unloaded from 
35 and/or loaded onto a moving conveyor (e.g., on a carrier 
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engagement member thereof) without damaging a substrate 
contained within the substrate carrier or generating 
potentially damaging particles. 

According to a second aspect of the invention, a 
5 method of operating a substrate carrier transport system is 
provided. The inventive method according to this aspect of 
the invention includes using a conveyor to move a substrate 
carrier and, while the substrate carrier is moving 
therealong, unloading the substrate carrier from the 

10 conveyor. Both aspects may likewise be employed to load 
and/or unload an individual substrate (without a carrier) 
from a moving conveyor. 

Further inventive aspects include the specific 
mechanisms employed for transferring a substrate or 

15 substrate carrier to and from a conveyor while the substrate 
or substrate carrier is moving along the conveyor. 

Other features and aspects of the present 
invention will become more fully apparent from the following 
detailed description of the preferred embodiments, the 

20 appended claims and the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic top plan view of a portion 
of a substrate carrier transport system provided in 

2 5 accordance with the invention; 

FIG. 2 is a schematic side view showing 
load/unload mechanisms that are part of the substrate 
transport system of FIG. 1; 

FIGS. 3(a) and 3(b) are side views that 

3 0 schematically illustrate an operation for unloading a 

substrate carrier from a conveyor that is part of the 
substrate carrier transport system of FIG. 1; 

FIGS. 4 (a) - (f ) are a sequence of schematic side 
views that illustrate a substrate carrier unload operation 
35 performed by one of the load/unload mechanisms of FIG. 2; 

5 



6 90 0/SYNX/JB 



EXPRESS MAIL LABEL NO. EV3 2 3 3 2 16 02US 



FIGS. 5 (a) -(f) are a sequence of schematic side 
views that illustrate a substrate carrier load operation 
performed by one of the load/unload mechanisms of FIG. 2; 

FIG. 6 is a schematic top plan view, similar to 
5 FIG. 1, of an alternative embodiment of the inventive 
substrate carrier transport system; 

FIG. 7A is a front elevational view of a substrate 
loading station provided in accordance with the present 
invention; 

10 FIG. 7B is a side elevational view of a portion of 

the substrate loading station of FIG. 7A useful in 
describing an exemplary embodiment of a first sensor of the 
substrate loading station; 

FIG. 7C is a perspective view of a portion of the 
15 end effector of FIG. 7A illustrating an exemplary second 
sensor of the substrate loading station of FIG. 7A; 

FIG. 7D is an enlarged perspective view of a 
portion of FIG. 7C; 

FIG. 7E is a perspective view of a portion of the 
20 end effector of FIG. 7A illustrating the second sensor 
positioned to detect a portion of a carrier engagement 
member; 

FIG. 8 is a flow chart that illustrates an 
exemplary process performed in accordance with the invention 

2 5 to unload a substrate carrier from a moving conveyor; 

FIGS. 9A-9E are schematic side views showing 
various stages of the process of FIG. 8; 

FIG. 10 is a flow chart that illustrates an 
exemplary process performed in accordance with the invention 

3 0 to load a substrate carrier onto a moving conveyor; 

FIGS. 11A-11E are schematic side views showing 
various stages of the process of FIG. 10; 

FIGS. 12A and 12B are simplified front elevational 
views of the inventive substrate loading station, similar to 
35 FIG. 7A; 
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FIGS. 12C-12D are simplified schematic side views 
illustrating a moving conveyor similar to FIGS. 9A-9E and 
11A-11E; and 

FIGS. 13A-13D are exemplary motion profiles for 
5 the end effector of the present invention. 

DETAILED DESCRIPTION 

In accordance with the invention, substrate 
carriers are transported by a substrate carrier transport 

10 system (e.g., a conveyor), that continues to move during 
individual substrate or substrate carrier unloading and 
loading operations. A load/unload mechanism may be 
associated with a fabrication tool or group of fabrication 
tools and operates to load and/or unload substrates or 

15 substrate carriers from or onto the transport system while 
the transport system is moving. Each load/unload mechanism 
includes a load/unload member that is moved during a load or 
unload operation so as to substantially match the velocity 
at which the transport system carries the substrate or 

2 0 substrate carrier while the load/unload member disengages or 
engages a substrate or substrate carrier from, or to, the 
moving transport system. The load and/or unload member is 
thus adapted to ensure gentle substrate/substrate carrier 
handling. Further, the load and/or unload member may be 

25 adapted for precise and repeatable substrate/substrate 
carrier placement. 

FIG. 1 is a top plan view which shows a portion of 
a substrate carrier transport system provided in accordance 
with one aspect of the invention. Reference numeral 10 

30 generally indicates the substrate carrier transport system. 
The substrate carrier transport system 10 may include an 
overhead transport system or conveyor 12 which conveys 
substrate carriers 14 . Only a portion of the path of the 
conveyor 12 is shown in FIG. 1. It should be understood 

35 that the conveyor 12 may advantageously follow an extensive 

7 
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and perhaps serpentine path that extends past every 
processing location in a fabrication facility. 

The substrate carriers 14 may be any type of 
substrate carrier, including a sealed pod, an open cassette, 
5 or any apparatus with which one or more substrates may be 
held while the substrate (s) are transported. In one 
embodiment of the invention, each substrate carrier 14 is a 
single substrate carrier, i.e. a substrate carrier which 
holds one and only one substrate at a time. The substrate 

10 carriers 14 may generally be constructed like one or another 
of the substrate carriers disclosed in co-pending and 
commonly assigned patent application serial no. 09/755,394, 
filed January 5, 2001 (Attorney Docket No. 5092) , or 
commonly assigned Patent Application Serial No. 60/407,340 

15 filed August 31, 2002 (Attorney Docket No. 7156/L) , for 
example, both of which are incorporated herein in their 
entirety by this reference. 

For example, as schematically illustrated in FIGS. 
3 (a) and (b) , each substrate carrier 14 may have handles 16 

2 0 (of which only one is shown in the drawings) mounted on 

sides 18 (only one shown) of the substrate carriers 14 and 
including a downwardly- facing V-shaped notch 20. The V- 
shaped notch 2 0 is adapted to be engaged by a bar- shaped end 
effector 22 which is part of the conveyor system and is 
25 connected to the conveyor 12 by a suspension assembly 24. 
It will be appreciated that each suspension assembly 24 
includes two end effectors 22, of which only one is shown in 
the drawings. The two end effectors each respectively 
engage one of the handles 16 of the substrate carrier 14. 

3 0 Thus the conveyor 12 is able to transport the substrate 

carrier 14 with the substrate carrier 14 suspended from the 
conveyor 12 via the suspension assembly 24 and the handles 
16. 

As will be appreciated from the above -referenced 
35 '394 patent application, the substrate carriers 14 may 

8 
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alternatively be equipped with bar- shaped handles that 
project outwardly from the sides 18 of the substrate carrier 
14, and the conveyor system may have end effectors formed 
with upward-facing notches to engage the bar-shaped handles 
5 of the substrate carriers according to this alternative 
design, which is not shown in the drawings. 

Although not shown in the drawings, the suspension 
assemblies 24 of the conveyor 12 may also include a 
restraint device that extends downwardly to minimize rocking 

10 of the substrate carrier 14 while the substrate carrier is 
suspended from and transported by the conveyor 12. Such a 
restraint device is disclosed in the above-referenced '394 
patent application. Other substrate carrier designs may be 
employed. For instance, a substrate carrier having an 

15 overhead transfer flange or other mechanism for suspending 
the substrate carrier may be employed. 

Referring again to FIG. 1, the conveyor 12 passes 
by a substrate loading station 26. The substrate loading 
station 26 is positioned in front of a fabrication tool 28, 

20 of which only a portion is shown in the drawing. 

Specifically, the drawing shows only load locks 30 of the 
fabrication tool 28. It will be understood that 
fabrication tool 28 is merely exemplary. Other fabrication 
tools may not include load locks or may include a greater or 

25 lesser number of load locks. As shown in FIG. 1, the 

processing tool also includes what is known as a factory 
interface chamber 31. Conventionally factory interface 
chambers contain one or more substrate handlers that extract 
one or more substrates from a substrate carrier or substrate 

3 0 support and transport the substrates (individually or in a 

group) into the processing tool (e.g., into a load lock or a 
processing chamber) . It should be noted that not all 
fabrication tools employ/include a factory interface 
chamber . 
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In a preferred embodiment of the invention, the 
substrate loading station 26 and fabrication tool 28 
represent only one of numerous substrate processing 
locations in a fabrication facility served by the conveyor 
5 12 . 

Mounted adjacent (near or preferably within the 
footprint of) the substrate loading station 26 are 
load/unload mechanisms which are described in more detail 
below. Each load/unload mechanism may be adapted to load 

10 and/or unload a substrate carrier 14 to or from the conveyor 
12 while the conveyor 12 is moving. 

The substrate loading station 2 6 may include one 
or more load ports or similar locations where individual 
substrates or substrate carriers are placed for substrate 

15 transfer to and/or from a processing tool (e.g., one or more 
docking stations although transfer locations that do not 
employ docking/undocking movement may be employed) . The 
load ports may optionally include an automatic door opener 
for opening a door of a sealed substrate carrier. The 

20 substrate loading station 26 may also include one or more 
storage locations for storing substrate carriers. In one 
aspect the substrate loading station 26 includes a substrate 
handler comprising a horizontal and a vertical linear guide 
to which an end effector for supporting an individual 

2 5 substrate or a substrate carrier, is coupled as shown and 

described with reference to FIG. 7A. Preferably the 
substrate loading station 26 includes a plurality of 
vertically stacked docking stations and/or storage 
locations . 

3 0 The substrate loading station preferably is 

adapted such that substrate carriers are transferred between 
the conveyor 12 and the substrate loading station, and among 
the plurality of vertically stacked docking stations and/or 
storage locations so as to remain within a tool envelope 
35 defined by the footprint of the plurality of vertically 
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stacked docking stations and/or storage locations, and a 
vertical transfer channel adjacent thereto. In a further 
aspect, the substrate storage location may include a pair of 
vertically stacked docking stations and/or storage locations 
5 having a transfer channel therebetween, and is adapted such 
that the substrate carriers are transferred between the 
conveyor 12 and the substrate loading station, and among the 
plurality of vertical stacks so as to remain within a tool 
envelope defined by the pair of vertical stacks, and the 

10 transfer channel therebetween. 

As will be understood, the mechanism for 
loading/unloading a substrate or substrate carrier from the 
conveyor may vary considerably and still achieve the 
function of substantially matching the velocity of the 

15 conveyor 12 at the point where the substrate carrier is 
contacted. Although it is preferred that a load/unload 
mechanism operates within the footprint of the docking 
station (s) and/or storage location (s) (or within the tool 
envelope) , any mechanism that substantially matches velocity 

2 0 with a moving conveyor so as to load/unload substrate 

carriers therefrom will fall within the scope of the present 
invention. The load/unload mechanisms described herein are 
merely exemplary. For instance, in one aspect, a 
load/unload mechanism may be a rotary mechanism (e.g., a 
25 rotating platform or arm that travels along a rotary path as 
described further with reference to FIGS. 1-6 or as 
described in commonly assigned, copending application serial 

no. filed herewith (AMAT No. 7024) titled "Method And 

Apparatus For Unloading Substrate Carriers From Substrate 

3 0 Carrier Transport System", which is hereby incorporated by 

reference herein in its entirety. In a further aspect the 
load/unload mechanism may comprise a substrate handler of 
the substrate loading apparatus 26, as described further 
with reference to FIGS. 7A-13D. 
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FIG. 2 is a schematic side view of the conveyor 12 
at the location where it passes an exemplary substrate 
loading station 26 having a rotary load/unload mechanism. 
The front 34 of the substrate loading station 26 is 
5 schematically shown in FIG. 2. As seen in FIGS. 2 and 3(a), 
in this aspect each load/unload mechanism 32 includes a 
load/unload member 3 6 mounted on a four bar mechanism 3 7 of 
which two bars 38 are shown in the drawings. (To simplify 
the drawing, the conveyor 12 is represented schematically by 

10 an arrow 12 in FIG. 2, and the suspension assemblies 24 

(FIG. 3(a) are omitted.) The four bar mechanism 37 allows 
the load/unload member 3 6 to be moved in a circular path 
indicated at 40 in FIG. 3(a) . It will be appreciated that 
the circular path 40 is defined in a vertical plane. 

15 Also shown in FIG. 2 are a plurality of substrate 

or substrate carrier storage shelves and a plurality of 
docking stations. Although not shown in FIG. 2, the loading 
station 26 may also comprise a substrate or substrate 
carrier handler. In a preferred aspect, the 

20 substrate/substrate carrier handler may be similar to that 
shown in FIG. 7A, wherein the substrate/substrate carrier 
handler comprises vertical and horizontal linear guides and 
an end effector adapted to move linearly therealong via the 
vertical and horizontal guides. 

25 FIG. 3(a) is a schematic side view of the conveyor 

12, showing a substrate carrier 14 engaged by a suspension 
assembly 24 of the conveyor 12 approaching the load/unload 
mechanism 32. FIG. 3(a) shows the load/unload mechanism in 
its home position. The load/unload mechanism 32 operates so 

3 0 that the load/unload member 3 6 is moved upwardly and then, 

continuing through the circular path 40, is moved so that it 
has a horizontal speed component that substantially matches 
the horizontal speed of the substrate carrier 14 (and the 
conveyor 12) at a point where the load/unload member 3 6 

35 contacts the substrate carrier 14 (in this example the 
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bottom surface 42 of the substrate carrier 14) to lift the 
substrate carrier 14 out of engagement with the suspension 
assembly 24 of the conveyor 12. Thus the movement of the 
substrate carrier 14 relative to the load/unload member 36, 
5 at the time of engagement of the substrate carrier 14 by the 
load/unload member 36, is substantially entirely in a 
vertical direction. Loading of the substrate carrier 14 on 
the conveyor 12 is thereby accomplished substantially 
without jarring the substrate carrier 14. 

10 The load/unload mechanism 32 may include a motor, 

which is not shown, to drive the four bar mechanism 37. The 
motor may be controlled by a controller C programmed to 
cause the four bar mechanism 37, and consequently the 
load/unload member 3 6 to be driven at a rotational rate that 

15 varies over the course of movement of the load/unload member 
36 through the circular path 40. In one alternative, a cam 
arrangement (not shown) may drive the four bar mechanism 3 7 
and the load/unload member 36 at a variable rotational rate. 
It is alternatively contemplated that the load/unload 

20 mechanism may be driven by a drive mechanism coupled to, and 
driven from, the conveyor 12 . 

The load/unload member 3 6 may be in the form of a 
plate that may include a shock absorbing material. However, 
to save weight in the construction of the load/unload 

25 member, it may be in the form of a lifting frame and/or may 
have pins on air solenoids for contacting the bottom surface 
42 of the substrate carrier 14 . 

FIG. 3(b) is a view similar to FIG. 3(a) showing 
the load/unload mechanism 32 again in its home position and 

3 0 holding the substrate carrier 14 which was formerly engaged 
by the suspension assembly 24 of the conveyor 12 and has 
been lifted off the suspension assembly 24 by the 
load/unload mechanism 32. FIG. 3(b) also shows the 
suspension assembly 24 continuing to move and moving away 

35 from the load/unload mechanism 32. 
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FIGS. 4 (a) -(f) are a sequence of drawings which 
illustrate in more detail an operation in which the 
load/unload mechanism 32 unloads a substrate carrier 14 from 
the conveyor 12. (To simplify the drawings, the conveyor 12 
5 is not shown in FIGS. 4 (a) -(f).) 

FIG. 4(a) shows the load/unload mechanism 32 in 
its home position at which it may await approach of a 
substrate carrier 14 that is to be unloaded from the 
conveyor 12 by the load/unload mechanism 32. As the 

10 substrate carrier 14 approaches, the load/unload mechanism 

32, in the example shown, is moved from the home position of 
FIG. 4(a) to the position shown in FIG. 4(b), which is 
midway between the home position and the apex of the 
circular path 40 of the load/unload mechanism 32. 

15 FIG. 4 (c) shows the load/unload mechanism 32 at a 

point in its cycle at which it contacts the substrate 
carrier 14 from below to lift and disengage the substrate 
carrier 14 from the conveyor 12 . At the point in time 
represented by FIG. 4(c), the load/unload member 36 is moved 

2 0 at a rotational rate that results in a horizontal 

displacement of the load/unload member 36 at a velocity that 
substantially matches the velocity of the substrate carrier 
14 (i.e., substantially matches the velocity of the conveyor 
12) . Consequently, there may be substantially no relative 

2 5 horizontal movement between the load/unload member 3 6 and 

the substrate carrier 14 at the point in time represented by 
FIG. 4(c) . Thus the load/unload member 36 may lift the 
substrate carrier 14 out of engagement with the conveyor 12 
without jarring the substrate carrier 14. In one embodiment 

3 0 of the invention, the load/unload member 3 6 imparts an 

upward acceleration to the substrate carrier 14 of about 1G 
or less so as to avoid generating particles and/or damaging 
the substrate (not separately shown) that is contained 
within the substrate carrier 14 . 



14 



6900/SYNX/JB 



EXPRESS MAIL LABEL NO. EV32 3 32 1602US 



At the next stage of the unload operation, 
represented by FIG. 4(d), the load/unload mechanism 32 is at 
the apex of its cycle, having lifted the substrate carrier 
14 out of engagement with the conveyor 12 . In one 
5 embodiment of the invention, the vertical distance between 
the positions shown in FIGS. 4(c) and (d) may be on the 
order of one-half inch. The substrate carrier 14 may be 
supported on the load/unload member 3 6 by the bottom surface 
42 of the substrate carrier 14, for example, and is now 
10 decelerated in a horizontal direction, to allow the end 

effectors 22 (FIG. 3 (a)) of the suspension assembly 24 (FIG. 
3 (a) ) of the conveyor 12 to move ahead of the substrate 
carrier 14 . 

FIG. 4 (e) represents the next stage of the unload 

15 cycle, at which the load/unload mechanism 32, with the 

substrate carrier 14 supported thereon, is at a mid point 
between its apex and its home position. Then, FIG. 4(f) 
shows the load/unload mechanism back at its home position, 
and supporting the unloaded substrate carrier 14. 

20 FIGS. 5 (a) -(f) are a sequence of views like FIGS. 

4 (a) -(f), but illustrating an operation for loading a 
substrate carrier 14 on the conveyor 12. As in FIGS. 4(a)- 
(f ) , the conveyor 12 is not shown in FIGS. 5 (a) - (f ) to 
simplify the drawings. 

25 FIG. 5(a) shows the load/unload mechanism 32 in 

its home position, supporting a substrate carrier 14 that is 
to be loaded onto the conveyor 12. As an empty suspension 
assembly 24 of the conveyor 12 approaches, the load/unload 
mechanism 32 is moved to the position shown in FIG. 5(b), 

30 i.e., midway between the home position and the apex, and 

continues to be moved up to its apex, as indicated at FIG. 
5(c) . The load/unload mechanism 32 continues to be moved 
along its circular path 40 (FIG. 3(a)) to and through the 
point in its cycle illustrated in FIG. 5(d). FIG. 5(d) 

35 illustrates the position at which the load/unload mechanism 
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32 lowers the substrate carrier 14 into engagement with the 
end effectors 22 of the conveyor 12. At the position 
illustrated in FIG. 5(d) the load/unload mechanism 32 is 
being rotated at a rotational velocity that results in a 
5 horizontal speed component that matches the velocity (e.g., 
horizontal speed) of the conveyor 12. Thus the movement of 
the substrate carrier 14 relative to the end effectors 22 of 
the conveyor 12 at the time of engagement of the substrate 
carrier 14 by the end effectors 22 is substantially entirely 

10 in a vertical direction, thereby accomplishing loading of 
the substrate carrier 14 on the conveyor 12 substantially 
without jarring the substrate carrier 14. 

FIG. 5(e) shows the load/unload mechanism 32 at a 
midpoint between its apex and its home position, and no 

15 longer supporting the substrate carrier 14, which has been 
loaded onto to the conveyor 12. FIG. 5(f) shows the 
load/unload mechanism 32 back at its home position, without 
the substrate carrier 14 . 

As in the apparatus disclosed in the above- 

20 referenced '394 patent application, sensors (not shown) may 
be employed to track the positions of substrate carriers 14. 
As will be understood from the disclosure of the '3 94 patent 
application, one such sensor may be a through beam sensor 
including a light beam transmitter and a light beam receiver 

2 5 disposed on opposite sides of a path through which the 
conveyor 12 transports the substrate carriers 14. The 
through beam sensors may be used to track passage of leading 
and trailing edges of the substrate carriers 14. If it is 
desired to track a center of the substrate carriers 14, a 

30 reflector (not shown) may be placed on a surface (e.g., the 
bottom surface 42) of the substrate carriers 14 and sensors 
having both transmitter and receiver on the same side of the 
substrate carrier transport path may be provided. The 
signals from the sensor receivers may be provided to a 
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controller (not shown) for the substrate carrier transport 
system 10 . 

It will be appreciated that the substrate carrier 
14 may be transported with its front side facing the 
5 direction in which it is being transported. "Front side" 
meaning the side of the substrate carrier 14 which has an 
opening (not shown) through which a substrate or substrates 
may be extracted from the substrate carrier 14. If the 
substrate carrier 14 is transported by the conveyor 12 with 

10 the front side of the substrate carrier 14 facing the 
direction in which it is transported, then it may be 
necessary to rotate the substrate carrier 14 (90° counter 
clockwise in the view shown in FIG. 1) so that the front 
side of the substrate carrier 14 is presented toward a load 

15 lock 30 of the fabrication tool 28. For the purpose of so 

rotating the substrate carrier 14, the load/unload mechanism 
32 may be mounted on a rotatable platform (not shown) of the 
type discussed in the above -referenced '394 patent 
application . 

20 As an alternative to rotating the substrate 

carrier 14 in this manner, an embodiment of the invention as 
shown in FIG. 6 may be provided. FIG. 6 is a top plan view 
similar to FIG. 1, but showing a substrate loading station 
26' installed so that it extends perpendicular to the path 

25 of travel of the conveyor 12. If load/unload mechanism like 
those of FIG. 2 are employed, the four bars will be rotated 
90° from the orientation shown in FIG. 2, so as to be able to 

rotate in the direction the conveyor 12 travels. 

It will be noted that in the embodiment of FIG. 6 

30 the fabrication tool 28 is installed with its load locks 30 
facing the direction from which substrate carriers 14 are 
transported by the conveyor 12. Consequently, assuming that 
the substrate carriers 14 are transported with their front 
sides facing in the direction of transport, there is no need 

35 in the embodiment of FIG. 6 to rotate the substrate carriers 
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14 to permit extraction of a substrate or substrates 
therefrom at or in front of the load locks 30. 

Although only one fabrication tool 2 8 is shown in 
FIG. 6, it is further contemplated, pursuant to the 
5 teachings of co-pending and commonly assigned U.S. patent 
application serial no. 09/517,227, filed March 2, 2000 
(Attorney Docket No. 3 945), to have the substrate loading 
station 26' extend farther from the conveyor 12 to 
accommodate one or more additional fabrication tools 2 8 
10 installed parallel to the fabrication tool 28 shown in FIG. 
6 and farther away from the conveyor 12. The '227 patent 
application is incorporated herein in its entirety by this 
reference . 

In operation, the conveyor 12 may continuously 

15 transports substrate carriers 14 from location to location 
within the fabrication facility. A substrate carrier 14 is 
unloaded by a load/unload mechanism 32 at a substrate 
loading station 26 or 26 1 from the conveyor 12 while the 
conveyor and the substrate carrier are moving. The 

20 substrate carrier 14 is rotated or otherwise reoriented, if 
necessary, so that its opening faces the fabrication tool 
28, and a substrate carrier handler (e.g., as shown in FIG. 
7A) associated with the substrate loading apparatus removes 
the substrate carrier 14 from the load/unload mechanism 32 . 

25 The substrate carrier handling robot either places the 
substrate carrier 14 at a docking station (as further 
described with reference to FIG. 7A) for the fabrication 
tool 28, or places the substrate carrier 14 on a storage 
shelf of the substrate loading station 26 to await 

30 subsequent transfer by the substrate carrier handler (e.g., 

as shown in FIG. 7A) to a docking station of the fabrication 
tool. In one aspect, the substrate loading station 26 may 
comprise an apparatus having one or more vertically stacked 
storage shelves such as an Applied Materials' Bay 

35 Distributed Stocker, as disclosed in U.S. Patent No. 
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6,283,692. Alternative substrate loading stations are 
described with reference to FIGS. 7A-13D. 

Once at the load port, the substrate carrier may 
be opened and interfaced to the fabrication tool 28 in a 
5 conventional manner. In an aspect which does not employ the 
factory interface chamber 31 of FIG. 1, a substrate or 
substrates may be extracted from the substrate carrier and 
brought into the fabrication tool 2 8 via a load lock 3 0 
which after receiving one or more substrates at atmospheric 

10 pressure closes and pumps to a vacuum pressure. The 

substrate or substrates are then extracted and transferred 
to one or more processing chambers (not shown) of the 
fabrication tool for processing as is known in the art. 
After processing, the substrate or substrates are returned 

15 to the load lock which then vents to atmospheric pressure. 

Thereafter the substrate or substrates are loaded back into 
the substrate carrier 14 and the substrate carrier is 
closed. The substrate carrier handling robot transfers the 
substrate carrier to a load/unload mechanism 32, possibly 

20 after the substrate carrier has been stored on a storage 
shelf of the substrate loading station 26. 

As previously described, the load/unload mechanism 
loads the substrate carrier onto an empty suspension 
assembly 24 of the conveyor 12 while the conveyor is moving. 

2 5 The conveyor 12 transports the substrate carrier away from 

the substrate loading apparatus and to another processing 
location, at which the substrate carrier is again unloaded 
without stopping the conveyor. 

An alternative embodiment of the substrate loading 

3 0 station which employs a substrate handler of the substrate 

loading station as a load/unload mechanism will now be 
described with reference to FIGS. 7A-13E. Note that the 
rotary load/unload mechanism of FIGS. 2-6 may be employed 
within the substrate loading station of FIG. 7A, in addition 
3 5 to use of the substrate handler for load and/or unload 



19 



6 900/SYNX/JB 



EXPRESS MAIL LABEL NO. EV3 2 3 3 2 16 02US 



operations, or alternatively thereto. Load/unload 
mechanisms 3 2 are therefore shown in phantom in FIG. 7A. 

FIG. 7A is a front elevational view of a substrate 
loading station 201 provided in accordance with the 
5 invention. Although not shown in FIG. 7A, it should be 

understood that the inventive substrate loading station 2 01 
may be associated with a processing tool and/or factory 
interface of the kind described in connection with FIG. 1. 

The substrate loading station 201 may include one 

10 or more load ports or similar locations where substrates or 
substrate carriers are placed for transfer to and/or from a 
processing tool (e.g., one or more docking stations 203, 
although transfer locations that do not employ 
docking/undocking movement may be employed) . In the 

15 particular embodiment shown in FIG. 7A, the substrate 
loading station 201 includes a total of eight docking 
stations 203, arranged in two columns 205 of four docking 
stations each. Other numbers of columns and/or docking 
stations may be employed. Each docking station 203 is 

20 adapted to support and/or dock a substrate carrier 207 at 

the docking station 2 03 and to allow a substrate (not shown) 
to be extracted from the substrate carrier 207 at the 
docking station 203 and transferred to a processing tool 
such as the processing tool 113 of FIG. 1 (e.g., by a 

25 factory interface robot, such as the factory interface robot 
31a of FIG. 1) . In one embodiment of the invention, the 
substrate carriers 207 are single substrate carriers. 
"Single substrate carrier" will be understood to mean a 
substrate carrier shaped and sized to contain only one 

30 substrate at a time. Substrate carriers that hold more than 
one substrate also may be employed (e.g., 25 or any other 
number) . (Alternatively, one or more docking stations 203 
may be adapted to directly support a substrate without a 
substrate carrier) . Each docking station 203 may be 

3 5 configured, for example, as described in previously 
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incorporated U.S. patent application serial no. 60/407,337, 
filed August 31, 2002 and titled "Wafer Loading Station with 
Docking Grippers at Docking Stations" (Attorney Docket No. 
7099) . Other docking station configurations may be 
5 employed. 

Each docking station 203 may include a port 209 
through which a substrate may be transferred to the factory 
interface (e.g., factory interface 31a in FIG. 1). Adjacent 
each port 209 is a docking gripper 211 which is adapted to 

10 suspend a substrate carrier 2 07 and to move the suspended 

substrate carrier between a docked and undocked position. A 
moveable stage or other support (not shown) alternatively 
may be employed to support (e.g., from below or otherwise) 
and/or dock/undock each substrate carrier 2 07 at each 

15 docking station 203. Each port 209 may also include a 
substrate carrier opener 213 which, in one aspect, is 
adapted to employ docking movement of a substrate carrier 
207 to open the substrate carrier 207 as it moves from an 
undocked position to a docked position as described in 

2 0 previously incorporated, U.S. patent application serial no. 
60/407,339, filed August 31, 2002, entitled "METHOD AND 
APPARATUS FOR USING WAFER CARRIER MOVEMENT TO ACTUATE WAFER 
CARRIER DOOR OPENING/CLOSING" (Attorney Docket No. 6976) . 
Each substrate carrier 2 07 may have, for example, the 

2 5 carrier door latching and/or substrate clamping features 

disclosed in previously incorporated, U.S. patent 
application serial no. 60/407,340, filed August 31, 2002, 
entitled "WAFER CARRIER HAVING DOOR LATCHING AND WAFER 
CLAMPING MECHANISMS" (Attorney Docket No. 7156) . Other 

3 0 substrate carrier opener, door latching, and/or substrate 

clamping configurations may be employed. 

The substrate loading station 201 also includes a 
substrate carrier handler 215 which operates in accordance 
with an aspect of the invention. In one or more embodiments 
35 of the invention, the substrate carrier handler 215 includes 
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a pair of vertical guides 217, 219 and a horizontal guide 
221 which is mounted for vertical movement on the vertical 
guides 217, 219. A belt drive or a lead screw and an 
associated motor or motors (which are not shown) or other 
5 suitable mechanism is provided to drive the horizontal guide 
221 for vertical movement along the vertical guides 217, 
219. A support 223 is mounted on the horizontal guide 221 
for horizontal movement along the horizontal guide 221. A 
belt drive or lead screw, and associated motor or motors 

10 (which are not shown) or other suitable mechanism is 

provided to move the support 223 horizontally along the 
horizontal guide 221. 

In at least one embodiment of the invention, the 
vertical guides 217, 219 may each comprise an integrated 

15 guide/driving mechanism such as Part No. 1140-260-10, 1768 
mm available from Bosch, Inc. Likewise, the horizontal 
guide 221 may comprise an integrated guide/driving mechanism 
such as Part No. 1140-260-10, 1468 mm also available from 
Bosch, Inc. Other guide/driving mechanism systems may be 

2 0 employed . 

An end effector 225 is mounted on the support 223. 
The end effector 225 may be, for example, in the form of a 
horizontally-oriented platform 227 adapted to support a 
substrate carrier (e.g., one of the substrate carriers 207). 

2 5 In at least one embodiment, the platform 22 7 may have 

kinematic pins or other kinematic positioning features 229. 
(Although only two kinematic features 22 9 are shown in FIG. 
7A, other numbers of kinematic pins or features such as 
three or more may be provided on the platform 227.) The 

3 0 kinematic features 22 9 may cooperate with concave or 

otherwise shaped features (not shown in FIG. 7A) on the 
bottom of the substrate carrier 207 to guide the substrate 
carrier 207 into correct (positive) positioning on the 
platform 227. In at least one embodiment of the invention, 
35 the end effector 225 may comprise, for example, an end 
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effector capable of changing the orientation of a substrate 
carrier from vertical to horizontal and vice versa as 
described in previously incorporated, U.S. Patent 
Application Serial No. 60/407,452, filed August 31, 2002 and 
5 titled "End Effector Having Mechanism For Reorienting A 

Wafer Carrier Between Vertical And Horizontal Orientations" 
(Attorney Docket No. 7097) . Any other suitable end effector 
also may be employed. 

A continuously or otherwise moving conveyor, 

10 schematically represented by an arrow 231, is positioned 
above the substrate loading station 201 and the substrate 
carrier handler 215. The conveyor 231 is adapted to 
transport substrate carriers such as the substrate carriers 
207 to and from the substrate loading station 201. In one 

15 embodiment of the invention, the continuously moving 

conveyor 231 may be implemented as a ribbon of stainless 
steel or similar material as described in previously 
incorporated U.S. patent application serial no. 60/443,087, 
filed January 27, 2003 (Attorney Docket No. 7163/L) . The 

2 0 present invention similarly may be employed with any other 

type of continuously or otherwise moving conveyor. 

The substrate loading station 2 01 may include one 
or more sensors 233, 235 for detecting movement and/or 
positions of (1) the conveyor; (2) components of the 
25 conveyor 231 (e.g., components used to support substrate 

carriers being transported by the conveyor 231 as described 
further below with reference to FIGS. 9A-E, 11A-6E and 12C- 
7D) ; and/or (3) substrate carriers being transported by the 
conveyor 231. For example, the sensor 233 may be mounted on 

3 0 the substrate loading station 201, and the sensor 235 may be 

mounted on the end effector 225. Other sensor locations may 
be employed, as may any suitable sensors (e.g., through beam 
sensors, reflection-based sensors, etc.). 

FIG. 7B is a side elevational view of a portion of 
35 the substrate loading station 201 useful in describing an 
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exemplary embodiment of the sensor 233. With reference to 
FIG. 7B, the sensor 233 comprises a first sensor pair 233a, 
233a' for detecting a speed and/or position of the conveyor 
231; and/or position of the substrate carrier (and/or the 
5 speed with which a substrate carrier 207 is being 

transported by the conveyor 231 as described further below) . 
The sensor 233 also may include a second sensor pair 233b, 
233b' for detecting whether a substrate carrier 207 is being 
transported by the conveyor 231. For example, the first 

10 sensor pair 233a, 233a' may be mounted at an elevation of 

the conveyor 231 and the second sensor pair 233b, 233b' may 
be mounted at an elevation at which substrate carriers are 
transported by the conveyor 231 as shown in FIG. 2B (e.g., 
via a mounting bracket B coupled to a frame F of the 

15 substrate loading station 201, or via another suitable 

mounting mechanism) . Each sensor pair may comprise, for 
example, a Model No. M126E2LDQ light source and a Model No. 
Q2 3 SN6RMHSQDP receiver available from Banner, Inc. Other 
sensor arrangements/types may be employed. Exemplary 

2 0 embodiments for the sensor 235 are described further below 

with reference to FIGS. 7C-E and FIG. 8. 

A controller 237 (FIG. 7A) may be coupled to the 
sensors 233, 235 and to the substrate carrier handler 215 to 
receive input from the sensors 233, 235 and to control 
25 operation of the substrate carrier handler 215 as described 
further below. More or fewer than the two sensors 233, 235 
may be provided, and the sensors 233, 235 may be mounted at 
locations other than those shown in FIGS. 7A and 7B. The 
controller 237 may be the same controller used to control 

3 0 operation of a processing tool that the substrate loading 

station 201 serves, or a separate controller. 

In at least one embodiment of the invention, speed 
of the conveyor (and/or a substrate carrier being 
transported by the conveyor) may be directly measured 
35 (rather than employing the sensor 233 to indirectly measure 
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conveyor speed) . For example, as shown in FIG. 7A, one or 
more encoders 240a, 24 0b (described below) may be coupled to 
the conveyor 231 and directly measure the speed of the 
conveyor 231 (and any substrate carriers being transported 
5 thereby) and provide speed information to the controller 

237. More or fewer than two encoders may be employed. Each 
encoder may comprise, for example, a U.S. Digital encoder 
(e.g., an HDS6 quadrature encoder) or any other suitable 
encoder. A linear encoder, resolver or other positioning 
10 device also may be employed to measure conveyor speed and/or 
position. 

FIG. 8 is a flow chart that illustrates an 
exemplary process that may be performed by the substrate 
loading station 201 in accordance with the invention to 

15 unload a substrate carrier 207 from the conveyor 231. FIGS. 
9A-9E are schematic side views, illustrating stages of the 
process of FIG. 8. 

When an operation for unloading a substrate 
carrier 2 07 from the conveyor 231 is to be performed, the 

20 horizontal guide 221 of the substrate carrier handler 215 is 
positioned near the upper ends 217a, 219a of the vertical 
guides 217, 219, and the support 223 is positioned near the 
upstream side 221a (in the view of FIG. 7A, the left side 
although right to left travel may be employed if the 

25 conveyor 231 travels right to left) of the horizontal guide 
221 . 

The process of FIG. 8 starts at step 301 and 
proceeds to step 303. At step 303 the controller 237 
receives a signal (e.g., from the sensor 233 or 235) to 

30 indicate the presence of a substrate carrier 207 that is 
being transported by the conveyor 231 and that is to be 
unloaded from the conveyor 231 by the substrate loading 
station 201 (a "target substrate carrier 207"). For 
example, with reference to FIG. 2B, the sensor pair 233b, 

35 233b' may detect the target substrate carrier 207 as a light 
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beam L associated with the sensor pair 233b, 233b' is 
blocked by the target substrate carrier 207. Upon receipt 
of the sensor signal, the controller 237 controls the 
substrate carrier handler 215 such that the support 223 
5 (with the end effector 225 attached thereto) is accelerated 
in the same direction of travel as the conveyor 231 (e.g., 
to the right in FIG. 7A) to substantially match the position 
and speed of the target substrate carrier 207 (step 305, 
FIG. 8) . FIG. 9A illustrates this stage of the process of 
10 FIG. 8. 

In at least one embodiment of the invention, prior 
to accelerating the end effector 225 so that it 
substantially matches the position and speed of the target 
substrate carrier 207 (step 305) , the controller 237 employs 

15 the sensor 233 (or one or more of the encoders 240a, 240b) 
to determine a speed of the conveyor 231. Position of the 
conveyor 231 also may be determined. As stated, the sensor 
233 may comprise a first sensor pair 233a, 233a' (FIG. 7B) 
for detecting a speed of the conveyor 231 (and/or the speed 

20 with which a substrate carrier 207 is being transported by 
the conveyor 231) , and a second sensor pair 233b, 233b 7 for 
detecting whether a substrate carrier 207 is being 
transported by the conveyor 231. Such a speed and/or 
position determination may be performed prior to or during 

25 the unloading of each target substrate carrier 207, 

periodically, continuously or at some other interval. 

Based on the speed of the conveyor 231, the 
controller 237 may determine a motion profile for the end 
effector 225 and direct motion of the end effector 225 in 

30 accordance with the motion profile to substantially match 
the speed and position of the end effector 225 and target 
substrate carrier 207. The motion profile may be 
"predetermined" , such that the controller 237 only allows 
the end effector 225 to begin performing an unload operation 

35 (e.g., begin accelerating) if the speed of the conveyor 231 
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is within a predetermined speed range (e.g., a range that 
ensures that the end effector 225 will be properly aligned 
with the target substrate carrier 207 if the end effector 
22 5 is accelerated, moved and/or positioned in accordance 
5 with the predetermined motion profile); otherwise, the 

process of FIG. 8 ends. Such a predetermined motion profile 
may be employed even if the speed of the conveyor 231 is not 
measured (e.g., assuming the speed of the conveyor 231 is 
maintained within a predetermined speed range that ensures 
10 that the end effector 225 will be properly aligned with the 
target substrate carrier 207 if the end effector 225 is 
accelerated in accordance with the predetermined motion 
profile) . 

The controller 237 may employ the speed of the 
15 conveyor 231 to determine a motion profile for the end 
effector 225, for example, using a look up table of 
predetermined motion profiles, using an algorithm to 
calculate the motion profile, etc. It will be understood 
that substrate carrier speed, rather than conveyor speed may 
2 0 be measured and employed to determine a motion profile or 

whether to employ a predetermined motion profile for the end 
effector 225. Each motion profile may include all of the 
accelerations, decelerations, raisings and lowerings 
(described below) employed by the end effector 225 during an 
2 5 unload operation. 

As stated, in at least one embodiment of the 
invention, the conveyor 231 may comprise a ribbon-shaped 
band (e.g., of stainless steel or another suitable material) 
as described in previously incorporated U.S. Patent 
30 Application Serial No. 60/443,087, filed January 27, 2003 
(Attorney Docket No. 7163/L) . In such an embodiment, the 
conveyor 231 may be provided with slots or other openings 
(e.g., slot 231a in FIG. 7B) spaced along the conveyor 231 
at predetermined spacings, through which a light beam of 
35 sensor pair 233a, 233a' (FIG. 7B) may pass as the slots of 
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the conveyor 231 travel by the sensor pair 233a, 233a' . By 
measuring the time between two successive transmissions of 
the light beam of sensor pair 233a, 233a' through the 
conveyor 231 (via two successive slots in the conveyor) and 
5 with knowledge of the distance between the two successive 

slots, the speed of the conveyor 231 may be determined. The 
position of the slots 231a above each substrate carrier 207 
(FIG. 7C) also provide the controller 237 with conveyor 231 
and/or substrate carrier 207 position information. 

10 In one more embodiment of the invention, the 

encoders 240a, 240b (FIG. 7A) may be employed to directly 
read conveyor speed. For example, each encoder 240a, 240b 
may provide conveyor speed information to the controller 237 
and the controller 237 may compare the information received 

15 from the encoders 240a, 240b as part of an error checking or 
confidence routine. Such speed monitoring may be performed 
periodically, continuously or at any other interval. By 
measuring conveyor speed directly (e.g., via one or more 
encoders or other positioning devices) , and by determining 

20 band position via the sensor 233 (e.g., and slots 231a) 

handoffs of substrate carriers between the end effector 225 
and the conveyor 231, while the conveyor 231 is in motion, 
may be precisely performed as described further below. 

In FIG. 9A the target substrate carrier 207 is 

2 5 shown being transported by the conveyor 231 by means of a 

carrier engagement member 401 which engages a top flange 4 02 
of the substrate carrier 207. Other configurations for 
supporting the substrate carrier 207 may be employed (e.g., 
one or more mechanisms for supporting the substrate carrier 

30 207 by its sides, bottom or the like) . One such 

configuration for the carrier engagement member 401 is 
described in previously incorporated U.S. Patent Application 
Serial No. 60/443,153, filed January 27, 2003 (Attorney 
Docket No. 8092/L) . 

28 



69 0 0/SYNX/JB 



EXPRESS MAIL LABEL NO. EV3 2 3 3 2 1602US 



An arrow 403 indicates the direction of motion of 
the conveyor 231. The end effector 225 of the substrate 
carrier handler 215 is illustrated in FIG. 9A in a position 
below the target substrate carrier 207 and being moved (as 
5 indicated by an arrow 405) in the same direction as the 

conveyor 231 at a speed that substantially matches the speed 
of the target substrate carrier 207. The end effector 225 
thereby substantially matches a velocity (e.g., speed and 
direction) of the target substrate carrier 207. In 

10 addition, the end effector 225 substantially matches a 
position of the target substrate carrier 207. More 
generally, the end effector 225 substantially matches a 
motion (velocity and/or position) of the target substrate 
carrier 207. As used herein, "substantially matches" means 

15 sufficiently matches so that a substrate carrier may be 

unloaded from and/or loaded onto a moving conveyor and/or 
carrier engagement member without damaging a substrate 
contained within the substrate carrier and/or generating 
potentially damaging particles. 

2 0 In the embodiment shown in FIG 9A, the target 

substrate carrier 207 moves with the conveyor 231. 
Accordingly, the end effector 225 also substantially matches 
the speed, velocity, motion and/or position of the conveyor 
231. There may be embodiments in which the conveyor 231 

25 moves at a different rate, or not at all, relative to the 
target substrate carrier 2 07. For example, the carrier 
engagement member 4 01 itself may move the target substrate 
carrier 207 along the conveyor 231. In this later 
embodiment, the end effector 225 may not substantially match 

30 the speed, velocity and/or position of the conveyor 231. 

In one or more embodiments of the invention, the 
end effector 225 may not be positioned at the same location 
as the trigger (or launch) sensor (e.g., sensor pair 233b, 
233b' of FIG. 2B) that detects the presence of the target 

35 substrate carrier 207 on the conveyor 231. In such 
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instances, it may be necessary to delay acceleration of the 
end effector 225 in step 305 to compensate for the differing 
positions of the end effector 225 and the trigger sensor. 
This "launch offset" may depend on, for example, the 
5 distance between the end effector 225 and the trigger 

sensor, the speed of the conveyor 231, etc. A launch offset 
may be separate from or built into a motion profile for the 
end effector 225. 

Referring again to FIG. 3, at step 307, the 

10 position of the target substrate carrier 207 relative to the 
end effector 225 is detected (e.g., via a signal or signals 
from the sensor 235 (FIG. 7A) ) . For example, if the sensor 
235 comprises a light source/detector pair, such as a Model 
No. QS3 0 sensor system available from Banner, Inc. or the 

15 like, the sensor 235 may emit a beam of light toward the 
target substrate carrier 207 that is only detected by the 
sensor 235 if the end effector 225 is properly positioned 
relative to the target substrate carrier 207 (e.g., by 
providing the substrate carrier 2 07 with an appropriate 

2 0 reflective surface and/or surface topography such as an 

angled notch that reflects light toward the sensor 235 only 
when the end effector 225 is properly positioned relative to 
the substrate carrier 207) . FIG. 7C is a perspective view 
of a portion of the end effector 225 illustrating an 

25 exemplary sensor 235 positioned to detect a light beam 241 
(FIG. 7D) reflected from a notch 243 formed in a portion of 
a target substrate carrier 207 when the end effector 225 is 
properly positioned relative to the target substrate carrier 
207. FIG. 7D is an enlarged perspective view of a portion 

30 of FIG. 7C. As shown in FIGS. 7C-D, the sensor 235 may be 
coupled to the end effector 225 via a suitable bracket or 
other support structure 247. Other configurations may be 
employed . 

In at least one embodiment of the invention, if 
35 the end effector 225 is not properly positioned relative to 
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the target substrate carrier 207, then the process of FIG. 8 
ends. Alternatively, in another embodiment of the 
invention, any necessary adjustments in the position of the 
end effector 225 relative to the target substrate carrier 
5 207 may be made (step 309) . For example, the controller 237 
may accelerate and/or decelerate the end effector 225 until 
a proper alignment signal is received from the sensor 235 so 
as to ensure that kinematic pins 229 (FIG. 9A) are properly 
positioned below alignment features (e.g., concave or 

10 otherwise-shaped features 407) of the target substrate 

carrier 207. It will be appreciated that the steps 307 and 
309 are performed while the target substrate carrier 207 and 
the end effector 225 are in motion, and are performed so 
that the end effector 225 is positioned below the target 

15 substrate carrier 207 while substantially matching speed 

therewith. Accordingly, the end effector 225 is moved so as 
to remain adjacent and below the target substrate carrier 
207 while the target substrate carrier 207 is in motion. It 
will be understood that the relative position of the target 

20 substrate carrier 207 and the end effector 225 may be 

detected and adjusted numerous times (or continuously) , and 
that a feedback control loop (not shown) may be employed to 
ensure that the speed and/or position of the end effector 
225 remain substantially matched with that of the target 

25 substrate carrier 207. In yet another embodiment of the 

invention, steps 307 and 309 may be eliminated (e.g., if a 
predetermined motion profile is employed that is correlated 
to the speed of the conveyor 231 and launch time/position of 
the end effector 225). In such an embodiment, the sensor 

3 0 23 5 may be eliminated. 

In place of or in addition to the sensor 235, the 
encoder 24 0a and/or 24 0b may be employed to monitor conveyor 
speed during an unload operation. In response to gross 
deviations in conveyor speed during an unload operation, the 

35 controller 237 may abort the unload operation (e.g., by 
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employing another motion profile that ensures that the end 
effector 225 does not interfere with the conveyor 231 or 
substrate carriers being transported thereby) . 
Alternatively, for small conveyor speed variations, the 
5 controller 237 may adjust end effector position (e.g., via 
accelerations or decelerations) to ensure proper unload (or 
load) operations. A closed loop system comprising the end 
effector 225, the sensor 233, the encoders 240a and/or 240b 
and/or the controller 237 thereby may ensure proper unload 

10 (or load) operations despite conveyor speed variations. 

Assuming the end effector 225 is properly 
positioned relative to the target substrate carrier 207, 
following step 307 and/or step 309 in the process of FIG. 3 
is step 311. At step 311, the controller 237 controls the 

15 substrate carrier handler 215 such that the end effector 225 
is raised (e.g., the horizontal guide 221 is raised on the 
vertical guides 217, 219 to raise the end effector 225) 
while continuing to substantially match the horizontal speed 
(and/or instantaneous position) of the end effector 225 to 

20 the speed (and/or instantaneous position) of the target 

substrate carrier 207. The raising of the end effector 225 
causes the kinematic pins 22 9 thereof to come into 
engagement with concave features 4 07 on the bottom of the 
target substrate carrier 207. Thus the end effector 225 is 

25 moved to an elevation at which the conveyor 231 transports 
substrate carriers 207. In this manner, the end effector 
225 contacts the bottom of the target substrate carrier 207 
(as shown in FIG. 5B) . In one or more embodiments of the 
invention, the end effector 225 preferably contacts the 

30 target substrate carrier 207 with substantially zero 

velocity and/or acceleration as described further below with 
reference to FIGS. 13A-D. As the end effector 225 continues 
to be raised (while the end effector continues to 
substantially match horizontal speed and/or position with 

35 the target substrate carrier 207) , the target substrate 
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carrier 207 (and in particular its top flange 402) is lifted 
out of engagement with the carrier engagement member 4 01 of 
the conveyor 231, as illustrated in FIG. 9C . 

Next, in step 313 of FIG. 8, the controller 237 
5 controls the substrate carrier handler 215 to decelerate 

horizontal motion of the end effector 225 slightly, thereby 
decelerating the target substrate carrier 207. The degree 
of deceleration is such that the target substrate carrier 
2 07 continues to move in the direction indicated by the 

10 arrow 4 03, but at a slower speed than the conveyor 231. 

This allows the carrier engagement member 4 01 (which had 
engaged the flange 402 of the target substrate carrier 207) 
to move ahead of the flange 402, as indicated in FIG. 9D. 
Once the carrier engagement member 4 01 has moved out from 

15 underneath the flange 402 (as shown in FIG. 9D) , the end 
effector 225 may be accelerated again, so that the 
horizontal speed of the end effector 225 and the target 
substrate carrier 207 supported thereon again substantially 
matches the horizontal speed of the conveyor 231 to prevent 

2 0 another substrate carrier being transported by the conveyor 

231 (e.g., substrate carrier 409 in FIG. 9D) from colliding 
with the target substrate carrier 207. 

In step 315 in FIG. 3, the end effector 225 is 
lowered (e.g., by lowering the horizontal guide 221 along 
25 the vertical guides 217, 219) to lower the target substrate 
carrier 207 away from the conveyor 231. The lowering of the 
target substrate carrier 207 is illustrated in FIG. 9E. The 
end effector 225, having the target substrate carrier 207 
supported thereon, may then be decelerated (step 317, FIG. 

3 0 8) and brought to a halt. As stated, in at least one 

embodiment of the invention, the above-described end 
effector 225 accelerations, decelerations, raisings and/or 
lowerings may be defined by the motion profile determined 
for the end effector 225. (Exemplary motion profiles are 
35 described below with reference to FIGS. 13A-D) . 
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In step 319, the substrate carrier handler 215 may 
transport the target substrate carrier 207 supported on the 
end effector 225 to one of the docking stations 203 (FIG. 
7A) . Alternatively, if the loading station 201 includes one 
5 or more storage shelves or other storage locations (e.g., 

storage shelf 23 9, shown in phantom in FIG. 7A, and adapted 
to store a substrate carrier) , the substrate carrier handler 
215 may transport the target substrate carrier 207 to one of 
the storage locations. (Other and/or more storage locations 
10 may be employed) . The process of FIG. 8 then ends in step 
321 . 

Assuming that the target substrate carrier 207 is 
brought to one of the docking stations 203, the target 
substrate carrier 2 07 may be handed off by the substrate 

15 carrier handler 215 to the docking gripper 211 of the 
respective docking station 203. The target substrate 
carrier 207 then may be docked at the docking station 203, 
and opened by the substrate carrier opener 213 of the 
docking station 203 to allow extraction of a target 

20 substrate from the target substrate carrier 207 (e.g., by a 
substrate handler such as the FI robot 31A of FIG. 1) . The 
extracted substrate may be transferred to a processing tool 
associated with the substrate loading station 201 (e.g., the 
processing tool of FIG. 1) and one or more fabrication 

2 5 processes may be applied to the substrate by the processing 

tool. Upon completion of the processing in the processing 
tool, the substrate may be returned to the target substrate 
carrier 207 at the docking station 203 and the target 
substrate carrier 2 07 may be closed and undocked from the 

3 0 docking station 2 03. The substrate carrier handler 215 then 

may transport the target substrate carrier 2 07 away from the 
docking station 203 and to a position just below the 
conveyor 231 (e.g., assuming the substrate carrier 207 is to 
be returned to the conveyor 231 rather than stored at a 
35 storage location such as the storage location 239) . That 
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is, with the substrate carrier 207 supported on the end 
effector 225, the horizontal guide 221 may be moved near the 
upper ends 217a, 219a of the vertical guides 217, 219, and 
the support 223 may be moved to the upstream end 221a of the 
5 horizontal guide 221. The substrate carrier 207 then may be 
transferred back onto the conveyor 231 as described below 
with reference to FIGS. 10-11E. 

An exemplary process that may be performed in 
accordance with the invention for loading a target substrate 

10 carrier 207 onto the conveyor 231 will now be described with 
reference to FIGS. 10-11E. FIG. 10 is a flow chart that 
illustrates the inventive substrate carrier loading process. 
FIGS. 11A-E are schematic side views showing various stages 
of the process of FIG. 10. 

15 The process of FIG. 5 starts at step 501 and 

continues with step 503. At step 503 the controller 237 
receives a signal (e.g., from the sensor 233 or 235) 
indicating the presence of a vacant carrier engagement 
member 401 of the conveyor 231. In response to this signal, 

20 in step 505, the controller 237 controls the substrate 

carrier handler 215 so that the end effector 225 (with the 
target substrate carrier 207 to be transferred to the 
conveyor 231 thereon) is accelerated along the horizontal 
guide 221 to substantially match the motion of the vacant 

2 5 carrier engagement member 401 (and/or the conveyor 231) . 

For example, the end effector 225 may substantially match 
the speed and position of the vacant carrier engagement 
member 401 in the horizontal direction. As stated 
previously, in one or more embodiments, the end effector 225 

30 may not be positioned at the same location as the trigger 

sensor (e.g., sensor pair 233b, 233b' of FIG. 7B) . In such 
instances it may be necessary to delay acceleration of the 
end effector 225 in step 505 to compensate for the differing 
positions of the end effector 225 and the trigger (or 

35 launch) sensor. 
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In at least one embodiment of the invention, prior 
to accelerating the end effector 225 so that it 
substantially matches the position and speed of the vacant 
carrier engagement member 401 (step 505) , the controller 237 
5 employs the sensor 233 or one or more encoders 240a, 240b 
coupled to the conveyor 231 to determine a speed of the 
conveyor 231. Position of the conveyor 231 also may be 
determined. Based on the speed of the conveyor 231, the 
controller 237 may determine a motion profile for the end 

10 effector 225 and direct motion of the end effector 225 in 
accordance with the motion profile to substantially match 
the speed and position of the end effector 225 (with the 
target substrate carrier 207 thereon) to the vacant carrier 
engagement member 401 onto which the target substrate 

15 carrier 207 is to be loaded. The motion profile may be 

"predetermined", such that the controller 237 only allows 
the end effector 225 to begin performing a load operation 
(e.g., begin accelerating) if the speed of the conveyor 231 
is within a predetermined speed range (e.g., a range that 

20 ensures that the end effector 225 will be properly aligned 
with the vacant carrier engagement member 401 if the end 
effector 225 is accelerated in accordance with the 
predetermined motion profile) ; otherwise, the process of 
FIG. 10 ends. 

25 Alternatively, the controller 237 may employ the 

speed of the conveyor 231 to determine a motion profile for 
the end effector 225, for example, using a look up table of 
predetermined motion profiles, using an algorithm to 
calculate the motion profile, etc. It will be understood 

3 0 that carrier engagement member speed, rather than conveyor 
speed may be measured and employed to determine a motion 
profile or whether to employ a predetermined motion profile 
for the end effector 225. Each motion profile may include 
all of the accelerations, decelerations, raisings and 

35 lowerings (described below) employed by the end effector 225 
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during a load operation. (Exemplary motion profiles are 
described below with reference to FIGS. 13A-D) . 

FIG. 11A shows the end effector 225 being moved at 
a substantially matching velocity with the conveyor 231, and 
5 with the flange 402 of the target substrate carrier 207 

below and slightly behind the carrier engagement member 4 01 
on which the target substrate carrier 207 is to be loaded. 
In this manner, the target substrate carrier 207 may be 
raised without the flange 402 being obstructed by the 

10 carrier engagement member 401 during transfer of the target 
substrate carrier 207 to the conveyor 231 as described 
below. In general, the flange 402 of the target substrate 
carrier 2 07 may be positioned at any location that allows 
the target substrate carrier 2 07 to be raised without 

15 contacting the carrier engagement member 401 on which the 

target substrate carrier 2 07 is to be loaded and the carrier 
engagement member (and/or a substrate carrier positioned 
thereon) that follows the carrier engagement member 4 01 on 
which the target substrate carrier 207 is to be loaded. 

20 Following step 505 is step 507 at which the 

relative horizontal positioning of the target substrate 
carrier 207 and the carrier engagement member 401 are sensed 
(e.g., by the sensor 235, FIG. 7A) . For example, if the 
sensor 235 comprises a light source/detector pair, the 

25 sensor 235 may emit a beam of light toward the vacant 

carrier engagement member 401 (or the conveyor 231) that is 
only detected by the sensor 235 if the end effector 225 is 
properly positioned relative to the vacant carrier 
engagement member 401 (as described previously with 

30 reference to FIGS. 7C-D) . 

FIG. 7E is a perspective view of a portion of the 
end effector 225 illustrating the sensor 235 positioned to 
detect a portion 249 of a carrier engagement member 401 that 
couples the carrier engagement member 4 01 to the conveyor 

35 231. Specifically, the portion 249 of the carrier 



6900/SYNX/JB 



EXPRESS MAIL LABEL NO. EV3 2 3 3 2 1 6 0 2US 



engagement member 401 comprises a notch 251 that is angled 
to reflect light beam 241 (emitted by the sensor 235) back 
toward the sensor 235 when the end effector 225 is properly 
positioned below the carrier engagement member 401 for a 
5 load operation. Other configurations may be employed. For 
example, the one or more encoders 2 4 0a, 240b or other 
positioning devices that directly measure conveyor speed may 
provide such information to the controller 237 (e.g., 
continuously) such that the controller 237 may track 

10 conveyor position during a load (or unload) operation. 

In at least one embodiment of the invention, if 
the end effector 225 is not properly positioned relative to 
the vacant carrier engagement member 4 01, then the process 
of FIG. 11 ends. Alternatively, in another embodiment of 

15 the invention, in step 509 any necessary adjustments may be 
made in the relative horizontal positioning of the target 
substrate carrier 2 07 and the carrier engagement member 4 01 
(e.g., to ensure that the flange 402 does not contact the 
carrier engagement member 401 when the target substrate 

2 0 carrier 207 is raised as described below) . For example, the 
controller 237 may accelerate and/or decelerate the end 
effector 225 until a proper alignment signal is received 
from the sensor 235. During such position adjustment, the 
horizontal speed of the target substrate carrier 207 and the 

25 horizontal speed of the conveyor 231 and/or the carrier 

engagement member 401 may remain substantially matched. In 
yet another embodiment of the invention, steps 507 and 509 
may be eliminated (e.g., if a predetermined motion profile 
is employed that is correlated to the speed of the conveyor 

30 231 and/or launch time/position of the end effector 225) . 
In such an embodiment, the sensor 235 may be eliminated. 

Assuming the end effector 225 is properly 
positioned relative to the vacant carrier engagement member 
401, in step 511, and shown in FIG. 11B, the end effector 

35 225 is raised, by raising the horizontal guide 221 along the 
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vertical guides 217, 219 (FIG. 7A) , so that the target 
substrate carrier 207 and particularly its flange 402, are 
brought up to the level of the carrier engagement member 
401. As shown in FIG. 11B, the flange 402 is positioned 
5 slightly above the carrier engagement member 401 (e.g., for 
loading thereon as described below) . 

Next, as represented by step 513 and shown in FIG. 
11C, the target substrate carrier 207 is accelerated to 
bring the flange 402 of the target substrate carrier 207 

10 above the carrier engagement member 401 of the conveyor 231. 
The target substrate carrier 207 is then decelerated, so 
that the horizontal speed of the target substrate carrier 
207 again substantially matches the horizontal speed of the 
conveyor 231. Next, as illustrated in FIG. 11D and 

15 represented by step 515, the end effector 225 is lowered 
(while continuing to substantially match the horizontal 
speed of the conveyor 231) , to bring the flange 402 of the 
target substrate carrier 207 into engagement with the 
carrier engagement member 4 01 of the conveyor 231, thereby 

20 handing off the target substrate carrier 207 to the carrier 
engagement member 401. In one or more embodiments of the 
invention, the target substrate carrier 207 preferably 
contacts the carrier engagement member 401 with 
substantially zero velocity and/or acceleration as described 

2 5 further below with reference to FIGS. 13A-13B. The 
substrate carrier handler 215, under control of the 
controller 237, continues to lower the end effector 225, 
(e.g., while continuing to substantially match the 
horizontal speed of the conveyor 231) , so that the kinematic 

30 pins 229 of the end effector 225 are disengaged from the 

features 407 on the bottom of the target substrate carrier 
207. An exemplary result of step 517 is illustrated in FIG. 
HE. 

After the end effector 225 is disengaged from the 
35 target substrate carrier 207, in step 519 the end effector 
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225 is decelerated (e.g., halted) and the process of FIG. 5 
ends (step 521) . Meanwhile, the target substrate carrier 
207, which is supported via its flange 402 by the carrier 
engagement member 401 of the conveyor 231, is transported 
5 away from the loading station 201 by the conveyor 231. As 
stated, in at least one embodiment of the invention, the 
above -described end effector 225 accelerations, 
decelerations, raisings and/or lowerings may be defined by 
the motion profile determined for the end effector 225. 

10 Thus the substrate loading station 201 provided in 

accordance with the invention, and in particular the 
substrate carrier handler 215 operating under the control of 
the controller 237, functions to unload substrate carriers 
from a moving conveyor and to load substrate carriers onto 

15 the moving conveyor. In this manner, the inventive 

substrate loading station and substrate carrier handler may 
reduce substrate dwell time within a fabrication facility, 
work-in-progress, and working capital and manufacturing 
costs . 

20 In accordance with the invention, the controller 

23 7 may be programmed to perform one or both of the 
processes of FIGS. 8 and 10. Also the processes of FIGS. 8 
and 10 may be embodied in one or more computer program 
products. Each computer program product may be carried by a 

25 medium readable by a computer (e.g., a carrier wave signal, 
a floppy disk, a hard drive, a random access memory, etc.) . 

In at least one embodiment of the invention, the 
inventive substrate loading station 201 may be configured to 
automatically retract the end effector 225 away from the 

30 conveyor 231 in the event of a power failure, emergency 

shutdown, etc. For example, the controller 237 may include 
an end effector retraction routine which automatically 
retracts the end effector 225 (and/or the horizontal guide 
221) away from the conveyor 231 in response to a 

3 5 predetermined interrupt such as a power failure, emergency 
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shutdown, or the like. Further, the end effector 225 
(and/or the horizontal guide 221) may be biased so that the 
end effector 225 (and/or the horizontal guide 221) 
automatically retracts when power is removed from the 
5 substrate loading station 201. Any suitable biasing 

mechanism such as springs, gravity, air cylinders, ball 
screws, lead screws, etc., may be employed. The above 
mentioned end effector retraction routine may be 
implemented, for example, as one or more computer program 
10 products. 

Exemplary parameters that may affect design of the 
substrate loading station 201 include, for example, (1) 
conveyor speed; (2) horizontal and/or vertical speed at 
which the substrate carrier handler 215 can move the end 

15 effector 225; (2) horizontal and/or vertical acceleration 

and deceleration that may be applied to the end effector 225 
of the substrate carrier handler 215; (4) horizontal and 
vertical range of movement of the end effector 225 of the 
substrate carrier handler 215; (5) distance between adjacent 

20 substrate carriers 207 transported by the conveyor 231; (6) 
elevation at which the conveyor 231 transports the substrate 
carriers 207; (7) vertical distance a substrate carrier 207 
should be lifted to clear the carrier engagement member 401 
of the conveyor 231 used to transport the substrate carrier 

25 207; (8) height (e.g., vertical dimension) of each substrate 
carrier 207; (9) distance a substrate carrier 207 must be 
lowered, after being released from a carrier engagement 
member 401, to allow substrate carriers being transported by 
the conveyor 231 to pass over the released substrate carrier 

30 207 without striking the released substrate carrier 207; 

(10) the type of carrier engagement member employed; and/or 

(11) other similar parameters. 

For example, in at least one embodiment of the 
invention, the inventive substrate carrier handler 215 
35 should be capable of (1) achieving a maximum horizontal 
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speed for the end effector 225 that is greater than or equal 
to the horizontal speed of the conveyor 231; (2) raising the 
end effector 225 to an elevation sufficient to disengage and 
clear a substrate carrier 2 07 from a conveyor carrier 
5 engagement member 4 01; (3) moving at two or more horizontal 
speeds, such as a first horizontal speed for matching 
conveyor speed and a second horizontal speed for 
transporting a substrate carrier 2 07 to and from a docking 
station 203; (4) moving at two or more vertical speeds, such 

10 as a first vertical speed for disengaging a substrate 

carrier 207 from or handing off a substrate carrier 207 to 
the conveyor 231, and a second vertical speed for 
transporting a substrate carrier 207 to and from a docking 
station 203; and/or (5) performing all accelerations and 

15 decelerations of a substrate carrier 207 supported by the 
end effector 225 (and required for substrate carrier 
engagement with or disengagement from the conveyor 231) 
without damaging a substrate or substrates contained in the 
substrate carrier 207. 

20 Likewise, the substrate carrier handler 215 should 

operate so as to lower its end effector 225 to a 
sufficiently low level to service the lowest docking station 
203. (If a storage shelf or other storage location is 
present that is lower than the lowest docking station 203, 

25 then the substrate carrier handler 215 should be further 
operative to lower the end effector 225 to service the 
lowest storage shel f /location) . The horizontal range of 
travel for the end effector 225 provided on the horizontal 
guide 221, and the mechanism for moving the end effector 225 

3 0 should be such that the end effector 225 is able to 

accelerate to a horizontal speed substantially matching 
conveyor speed, disengage a substrate carrier 207 from 
and/or engage a substrate carrier 207 with the conveyor 231 
(while avoiding a collision with other substrate carriers 

35 being transported on the conveyor 231) , and decelerate to a 
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halt, all within the available horizontal range of travel 
provided by the horizontal guide 221. 

It is contemplated to include some or all of the 
above described features/parameters in one or more 
5 embodiments of the inventive substrate loading station. 

Various factors and parameters that may be 
considered in designing a particular embodiment of the 
inventive substrate loading station 201 and/or programming 
the controller 237 (FIG. 7A) will now be discussed with 

10 reference to FIGS. 12A-D. FIGS. 12A and 12B are simplified 
front elevational views of the inventive substrate loading 
station 201, similar to FIG. 7A. FIGS. 12C-D are simplified 
schematic side views of a substrate carrier during 
engagement with and/or disengagement from the conveyor 231 

15 similar to FIGS. 9A-E and 11A-E. 

The horizontal range of the end effector 225 of 
the substrate carrier handler 215 is illustrated in FIG. 
12A. The end effector 225 and the support 223 are shown in 
solid outline at 701 in a position at the upstream limit of 

2 0 movement of the end effector 225 along the horizontal guide 
221 of the substrate carrier handler 215. The end effector 
22 5 and the support 223 are also shown in phantom at 702 in 
a position at the downstream limit of movement of the end 
effector 225 along the horizontal guide 221. A distance D HR 

25 illustrated in FIG. 12A represents the maximum horizontal 
range of travel of the end effector 225. 

Selection of the horizontal range of travel D H r, in 
addition to being influenced by the design factors discussed 
above, may also be influenced by the positioning of the 

30 docking stations 203 or shelves 239 (e.g., the number and/or 
horizontal span of the docking stations or shelves) , the 
desired footprint for the substrate loading station 201, the 
size of the factory interface or processing tool coupled to 
the substrate loading station 201, and/or the like. 
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The vertical range of travel of the end effector 
225 is illustrated in FIG. 12B. The end effector 225, the 
support 223 and the horizontal guide 221 are shown in solid 
outline at 703 at the upper limit of the range of vertical 
5 movement of the end effector 225. At that position, the end 
effector 225 is at an elevation E H , which is high enough to 
clear the flange 402 of a substrate carrier 207 from a 
carrier engagement member 401 of the conveyor 231 (see FIGS. 
9B-D) . 

10 Continuing to refer to FIG. 12B, the end effector 

225, the support 223 and the horizontal guide 221 are shown 
in phantom at 704 at the lower limit of the range of 
vertical movement of the end effector 225. At that 
position, the end effector 225 is at an elevation E L , which 

15 is the lowest elevation required to service the lowest 
docking station (or storage location) of the substrate 
loading station 201. A distance Dvr illustrated in FIG. 12B 
represents the maximum vertical range of travel of the end 
effector 225 (e.g., Dvr=E h -E l ) . Other vertical ranges of 

2 0 travel may be employed. 

Parameters which affect an operation for engaging 
or disengaging a substrate carrier 207 from the conveyor 231 
are illustrated in FIGS. 12C-D. FIG. 12C shows a distance D s 
which separates two adjacent substrate carriers 2 07 being 
25 transported by the conveyor 231. The separation distance D s 
is related to, but less than, a distance D C em between the 
carrier engagement members 401, and is also related to a 
horizontal dimension of the substrate carriers 207. 
Increasing the distance D s eases load and unload operations 

3 0 by providing a larger space and/or time period for raising, 

lowering, accelerating and/or decelerating a substrate 
carrier 207 during load and unload operations. However, 
increasing the distance D s generally decreases the number of 
substrate carriers that may be transported by the conveyor 
35 231. 
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As shown in FIG. 12D, in at least one embodiment 
of the invention, to disengage a substrate carrier 207 from 
the conveyor 231, the end effector 225 raises the kinematic 
features 229 to an elevation equal to at least the elevation 
5 E C b of the bottom of the substrate carrier 207. More 

specifically, the kinematic features 229 are raised to an 
elevation greater than or equal to the elevation E C b plus the 
height H CE m of the seat of the carrier engagement member 4 01 
supporting the substrate carrier 207 (e.g., to clear the 

10 flange 402 of the substrate carrier 207 from the carrier 
engagement member 4 01) . Prior to lowering the disengaged 
substrate carrier 207, the end effector 225 is decelerated 
to allow the carrier engagement member 4 01 to move ahead of 
the substrate carrier 207 by a total distance greater than a 

15 length L F of the flange 402. Numerous other parameters may 
affect design of the inventive substrate loading station 201 
and substrate handler 215. 

The foregoing description discloses only an 
exemplary embodiment of the invention; modifications of the 

20 above disclosed apparatus and methods which fall within the 
scope of the invention will be readily apparent to those of 
ordinary skill in the art. For example, instead of 
employing two vertical guides in the substrate carrier 
handler illustrated above, only one vertical guide may be 

2 5 employed. Also, the substrate carrier handler may be 

arranged with a vertical guide that is coupled for 
horizontal movement along a horizontal guide instead of the 
horizontal guide coupled for vertical movement along 
vertical guides . 

3 0 When the substrate carrier handler includes a 

vertical guide mounted for movement along a horizontal 
guide, the raising of the end effector to disengage a 
substrate carrier from a conveyor, or the lowering of the 
end effector to hand off the substrate carrier to the 
3 5 conveyor, may be accomplished by raising or lowering the end 
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effector along the vertical guide (e.g., rather than by 
raising the horizontal guide relative to a pair of vertical 
guides) . An actuator (such as a belt drive or lead screw 
not shown) may be provided on the support 22 3 of the 
5 substrate carrier handler 215 to raise the end effector 225 
relative to the horizontal guide 221 to disengage a 
substrate carrier from the conveyor 231, or to lower the end 
effector 225 toward the horizontal guide 221 to hand off the 
substrate carrier to the conveyor 231 (in addition to or 

10 instead of raising/lowering the horizontal guide 221 along a 
vertical guide or guides) . 

The present invention may be employed to unload 
substrate carriers from, and load substrate carriers onto, a 
conveyor which transports substrate carriers in a vertical 

15 orientation. In such a case, the end effector 225 may 
include a reorientation mechanism for reorienting a 
substrate carrier between vertical and horizontal 
orientations, as disclosed in previously incorporated U.S. 
patent application serial number 60/407,452, filed August 

20 31, 2002, entitled "End Effector Having Mechanism for 

Reorienting a Wafer Carrier Between Vertical and Horizontal 
Orientations" (Attorney Docket No. 7097) . 

The present invention is illustrated with respect 
to single substrate carriers, but the present invention may 

2 5 be employed with substrate carriers that hold more than one 
substrate or with individual substrates that are not 
transported via carriers. 

The particular embodiment of a substrate loading 
station illustrated herein includes docking stations 

30 arranged in a plurality of vertical stacks. However, the 

above- illustrated substrate loading station may include only 
one vertical stack of docking stations, only one docking 
station or more than two vertical stacks of docking 
stations. The substrate loading station may include one or 
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more storage shelves and/or one or more other substrate 
carrier storage facilities which are not storage shelves. 

In the exemplary substrate loading station 
illustrated in FIG. 7A, the docking stations are shown to 
5 include docking grippers that suspend a substrate carrier to 
move it between docked and undocked positions. 

Alternatively the docking stations may include docking sleds 
or platforms which support a substrate carrier from below, 
via the substrate carrier's bottom or sides, etc., while 
10 moving the substrate carrier between docked and undocked 
positions . 

Preferably, the invention is employed in a 
substrate loading station that comprises a frame to which 
the vertical and horizontal guides are coupled. In this 
15 manner, the preferred substrate loading station is modular 
and may be quickly installed and calibrated. In the event 
the substrate loading station includes one or more storage 
shelves (e.g., storage shelf 239 in FIG. 2A) , each storage 
shelf also may be mounted on the frame. By mounting both 

2 0 the substrate carrier handler and the storage shelf or 

shelves to the frame, the substrate carrier handler and 
storage shelves have a predetermined position relative to 
each other. This further facilitates installation and 
calibration, and is another advantage of employing a modular 
25 substrate loading station. Similarly, other mechanisms such 
as dedicated mechanisms for loading and/or unloading 
substrate carriers from an overhead factory transport system 
may be advantageously mounted to the frame as described 
herein with reference to FIG 2. Alternatively, the frame 

3 0 may comprise two or more separate frames wherein, for 

example, the substrate or substrate carrier handler is 
coupled to one of the frames and the shelves are coupled to 
the other. Such frames may include alignment features to 
facilitate alignment of the two or more frame parts. 
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In one aspect, the frame may be mounted to 
predetermined mounting locations (e.g., predrilled bolt 
holes, etc.) on the clean room wall, or on the front wall of 
a chamber (e.g., a factory interface chamber). Preferably, 
5 the wall also has predetermined mounting locations to which 
the docking grippers or docking platforms are mounted. 
Additionally, the wall may have predetermined mounting 
locations to which a substrate carrier opening mechanism may 
be mounted. When the frame, the docking mechanisms, and the 

10 substrate carrier opening mechanism are each mounted to 

predetermined locations on the same surface, the relative 
positions of each are predetermined, and installation and 
calibration of the substrate loading station is facilitated. 

Although the conveyor described herein has been 

15 illustrated as being positioned above the substrate loading 
station 201, it is alternatively contemplated that the 
conveyor may be at or below the height of the substrate 
loading station or at another location positioned adjacent 
the substrate loading station. 

20 The substrate loading station illustrated herein 

may be utilized to provide substrates to a processing tool, 
a metrology location, or any other location to which a 
substrate may be transported. 

From the foregoing description, it will be 

2 5 understood that the inventive substrate loading station may 

be installed in association with a factory interface (FI) 
having an FI robot that transfers a substrate from a docking 
station of the substrate loading station to a load lock 
chamber of a processing tool (such as in the system of FIG. 

3 0 1) . Alternatively, the factory interface may be eliminated, 

and the load lock chamber may include a substrate handler 
that transfers a substrate directly from the docking station 
of the substrate loading station. As another alternative, 
the processing tool may operate at atmospheric pressure 
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rather than under vacuum, so that the load lock chamber may 
be eliminated. 

FIGS. 13A-D are exemplary motion profiles for the 
end effector 225. In at least one embodiment of the 
5 invention, when such motion profiles are employed, only the 
sensor 233 (e.g., a "launch" sensor) need be employed (e.g., 
the sensor 235 may be eliminated) . With reference to FIG. 
13A, curve CI illustrates end effector velocity along the x- 
axis (horizontal direction in which the conveyor 231 

10 travels) during a load operation. Curve C2 illustrates end 
effector velocity along the z-axis (vertical direction) 
during a load operation. Curve C3 illustrates end effector 
z-axis position and curve C4 illustrates end effector x-axis 
position during a load operation. FIG. 13B is similar to 

15 FIG. 13A, but shows the z-axis position data enlarged. 

FIGS. 13C-D are similar to FIGS. 13A-B, but illustrate x- 
axis velocity (curve CI'), z-axis velocity (curve C2 1 ) , z- 
axis position (curve C3 ' ) and x-axis position (curve C4 1 ) 
for the end effector 22 5 during an unload operation. Note 

20 that FIGS. 13A-B shows the z-axis position data (curve C3) 

at a lower z-position during a start of a substrate carrier 
load operation (e.g., to compensate for the size of a 
substrate carrier) . 

With reference to FIGS. 13A-B and curves C1-C4, 

25 the end effector 225 may perform similar raisings, 

lowerings, and accelerations as described with reference to 
FIG. 10 during a load operation. For example, and with 
further reference to FIGS. 10 and 11A-E, after receiving a 
trigger signal for a load operation (step 503), the end 

30 effector 225 accelerates to match the velocity of the 

conveyor 231 in the x-direction (curve CI) between times Tl 
and T2 (step 505 and FIG. 11A) . Thereafter, between times 
T3 and T4 , the end effector 225 (curve C3) is raised to the 
level of the conveyor 231 (step 511 and FIG. 11B) ; for 

35 example, such that the flange 402 of the substrate carrier 
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2 07 to be loaded onto the conveyor 231 is above the carrier 
engagement member 401 that is to receive the substrate 
carrier 207 . 

Between times T5 and T6 , the end effector 225 is 
5 accelerated (curve CI) above the speed of the conveyor 231 
(and then is decelerated back to the speed of the conveyor 
231) so that the flange 402 of the substrate carrier 207 is 
positioned above the carrier engagement member 401 (step 513 
and FIG. 11C) . At time T7 , with the flange 402 of the 

10 substrate carrier 207 positioned above the carrier 

engagement member 401, the end effector 225 lowers (curve 
C3) and stops as the flange 4 02 contacts the carrier 
engagement member 401 (as shown at time T8) . The end 
effector 225 then lowers until time T9 and the substrate 

15 carrier 207 remains on the carrier engagement member 401. 
The substrate carrier 2 07 thereby is transferred to the 
conveyor 231 with substantially zero velocity and/or 
acceleration (e.g., at time T8) (steps 515 and 517 and FIGS. 
11D-E) . For example, because the end effector 225 stops as 

20 the flange 402 engages the carrier engagement member 401, 
transfer of the substrate carrier 207 occurs with 
substantially zero velocity and acceleration in the z- 
direction (curve C2) . Likewise, because end effector 
velocity in the x-direction is constant and matched to that 

2 5 of the conveyor 231 during carrier exchange (curve CI) , 

transfer of the substrate carrier 207 occurs with 
substantially zero acceleration in the x-direction. 
Further, in at least one embodiment, no motion occurs in the 
y-direction during substrate carrier transfer. Accordingly, 

3 0 substrate carrier transfer may be performed with 

substantially zero acceleration in three directions and 
substantially zero velocity in at least two directions. 
Following time T9, the end effector 225 decelerates (step 
519 and curve CI) . 
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With reference to FIGS. 13C-D and curves C1-C4, 
the end effector 225 may perform similar raisings, 
lowerings, and accelerations as described with reference to 
FIG. 8 during an unload operation. For example, and with 
5 further reference to FIGS. 8 and 9A-E, after receiving a 
trigger signal for an unload operation (step 303), the end 
effector 225 accelerates to match the velocity of the 
conveyor 231 in the x-direction (curve CI') between times Tl 
and T2 (step 305 and FIG. 9A) . Thereafter, between times T3 

10 and T4 , the end effector 225 is raised (curve C3 ' ) so that 
the kinematic features 229 engage the concave features 407 
of the substrate carrier 207 to be unloaded from the 
conveyor 231 (step 311 and FIG. 9B) . At time T4 , the end 
effector 225 stops raising as the kinematic features 229 

15 engage the concave features 4 07 (curves C2 ' and C3 ' ) . 

Between times T4 and T5, the end effector 225 is raised 
further so as to lift the flange 4 02 of the substrate 
carrier 207 off of the carrier engagement member 4 01 (step 
311 and FIG. 9C) . The substrate carrier 207 thereby is 

2 0 unloaded from the carrier engagement member 401 with 

substantially zero velocity and/or acceleration (e.g., in 
the x, y and/or z-directions due to the halting of z-axis 
motion at time T4 prior to lifting the substrate carrier 207 
from the carrier engagement member 4 01 and due to speed 

2 5 matching between the end effector 22 5 and the conveyor 231) . 

Following time T5, the end effector 225 decelerates and 
reaccelerates (step 313 and curve CI') and lowers (step 315 
and curve C3 ' ) to clear the carrier engagement member 401 as 
previously described and as shown in FIGS. 13C-D. 

3 0 Accordingly, unloading/ loading of substrate 

carriers from/onto a moving conveyor may occur with 
substantially zero velocity and/or acceleration in one or 
more directions, more preferably in two directions, and most 
preferably in all directions. Substantially zero velocity 
35 and acceleration in a vertical direction are preferred; and 
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zero velocities and/or accelerations, rather than 
substantially zero velocities and/or accelerations, during 
unloading/loading are more preferred. As used herein, "zero 
velocity" or "zero acceleration" mean as close to zero as 
5 possible given system variations such as conveyor height, 
conveyor speed, actuator repeatability, etc., system 
limitations such as controller resolution, actuator 
resolution, end effector position tolerances, etc., and/or 
the like. "Substantially zero velocity" or "substantially 

10 zero acceleration" mean sufficiently close to zero so that a 
substrate carrier may be unloaded from and/or loaded onto a 
moving conveyor and/or carrier engagement member without 
damaging a substrate contained within the substrate carrier 
and/or generating potentially damaging particles. For 

15 example, a substrate carrier may be contacted with a 
relatively small velocity. In one embodiment, an end 
effector may raise vertically rapidly, and then slow down to 
a relatively small or substantially zero velocity prior to 
contacting a substrate carrier. A similar small (or 

20 substantially zero) acceleration also may be employed. 
Similar load operations may be performed. In one 
embodiment, substrates or substrate carriers are contacted 
in a vertical direction with less than about 0 . 5 G of force, 
and in another embodiment with less than about 0.15 G of 

2 5 force. Other contact force values may be employed. 

While the present invention has been described 
primarily with reference to unloading/loading substrate 
carriers that contain only a single wafer carrier from/onto 
a moving conveyor, it will be understood that substrate 

30 carriers that contain multiple substrates similarly may be 
unloaded from or loaded onto a moving conveyor. Further, 
the present invention may be employed within systems that 
transport both single substrate carriers and multiple 
substrate carriers (e.g., 25 substrate carrier front opening 

35 unified pods) . Likewise, the present invention may be 
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employed to unload individual substrates from and/or load 
individual substrates onto a moving conveyor (e.g., 
substrates that are not contained within a closed substrate 
carrier) . For example, substrates may be transported via a 
5 conveyor using an open substrate carrier, a substrate 

support, a substrate tray or another substrate transport 
device that allows the end effector 225 (or a modified 
version thereof) to directly place a substrate on or remove 
a substrate from the substrate transport device of the 

10 conveyor using similar end effector movements and/or motion 
profiles. Such individual substrates thereby may be 
transferred to a docking station or other load port, or 
directly into a load lock chamber and/or processing tool if 
desired. For example, a substrate may be transferred 

15 directly from the end effector 225 to a substrate handling 
robot of a factory interface and/or processing tool (e.g., 
via a direct "blade-to-blade" transfer or via an 
intermediate transfer location) . Multiple individual 
substrates similarly may be unloaded/loaded from/onto a 

2 0 moving conveyor. 

The present invention makes it possible to unload 
individual substrates and/or substrate carriers from a 
conveyor, and to load individual substrates and/or substrate 
carriers onto a conveyor, without stopping the conveyor. 
25 Consequently, the conveyor can run continuously during 

operation of the fabrication facility. This may lead to 
more efficient operation of the fabrication facility, 
including a reduced total elapsed time for fabricating each 
substrate, reduced work in progress for a given level of 

3 0 substrate throughput, and a lower manufacturing cost per 

semiconductor device produced in the fabrication facility. 

Although, the substrate carrier transport system 
10 is illustrated in conjunction with one fabrication tool, 
it is contemplated to install the substrate carrier 
35 transport system 10 in conjunction with a plurality of 
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fabrication tools and a plurality of kinds of vacuum or non- 
vacuum fabrication tools and/or other substrate processing 
equipment such as cleaning, polishing or metrology tools, 
for example. 

5 Furthermore, it is contemplated that each 

load/unload mechanism 32 may be dedicated exclusively to 
loading substrate carriers onto the conveyor 12 or dedicated 
exclusively to unloading substrate carriers from the 
conveyor 12; alternatively, it is contemplated to use some 

10 or all of the load/unload mechanisms 32 for both loading and 
unloading of substrate carriers on or from the conveyor 12 . 

Moreover, the embodiment of FIG. 1 is shown as 
having two load/unload mechanisms 32 associated with the 
substrate loading station 26, but it is alternatively 

15 contemplated that only one load/unload mechanism 32, or 

three or more load/unload mechanisms 32, may be associated 
with a single substrate loading station 26. 

While the present invention has been illustrated 
in connection with embodiments in which the substrate 

2 0 carriers 14 are transported by the conveyor 12 while being 
suspended from the conveyor 12, it is also contemplated to 
apply the present invention in connection with a conveyor in 
which the substrate carriers are not suspended from (e.g., 
are on top of) the conveyor. 

2 5 In the embodiment of FIGS. 2-5F, the load/unload 

mechanisms 32 are shown as including four bar mechanisms 3 7 
on which load/unload members 3 6 are mounted for movement in 
a rotary fashion. In embodiments of the invention in which 
a four-bar linkage is employed that rotates by greater than 

30 180°, the four bars of the linkage may be coupled via a band 
or other similar mechanism to prevent singularities. 

It is contemplated to use other types of rotatable 
mounting mechanisms besides four bar mechanisms (e.g., 
rotating arms or other rotatable platforms that may be 

35 adapted to unload vertically orientated or horizontally 
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oriented individual substrates or substrate carriers that 
support a single substrate or a plurality of substrates) . 
Further, it is contemplated that the path of movement of the 
load/unload member 3 6 may pursue a curve that is not 
5 circular. For example, an elliptical path of movement may 
be employed. 

Any load/unload mechanism, whether it follows a 
rotary or non-rotary path, may similarly contact an 
individual substrate or substrate carrier with zero or 

10 substantially zero velocity and/or acceleration in one or 
more directions (preferably stopping or substantially 
stopping movement in a vertical direction immediately prior 
to contact) as described with reference to FIGS. 13A-D. For 
example, a rotary load/unload mechanism may instantaneously 

15 or momentarily substantially stop accelerating in one or 
more directions (e.g., may stop elevating) prior to 
contacting the substrate or substrate carrier. Further a 
load/unload mechanism having both a rotary and a non-rotary 
component (e.g., a rotating four bar platform having lift 

2 0 pins coupled thereto) may be employed so as to exhibit zero 
or substantially zero velocity and/or acceleration in one or 
more directions at or just before a time when contact occurs 
between the load/unload member and the substrate/carrier or 
between the substrate/carrier and the factory transport 

25 agent /system . 

The load/unload mechanisms 32 are shown and 
described above as being associated with a substrate loading 
station. However, it is alternatively contemplated that a 
load/unload mechanism 32 may be associated with a load port 

30 or docking station for a fabrication tool or other substrate 
processing equipment without a substrate loading apparatus 
(i.e., without the substrate handler and optional storage 
shelves) being present. 

Accordingly, while the present invention has been 

35 disclosed in connection with the preferred embodiments 
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thereof, it should be understood that other embodiments may 
fall within the spirit and scope of the invention, as 
defined by the following claims. 



